A nsa bridges, i.e., substituents that link together two cyclopentadienyl groups, have been shown to exert a profound effect on the reactivity of a metallocene system. For example, we have recently described how a [Me 2 Si] ansa bridge modulates the reactivity of permethylated metallocene complexes (1-10). In each of these examples, the [Me 2 Si] ansa bridge is merely a substituent that modifies the chemistry of the system due to (i) an inductive effect and (ii) a structural effect that displaces the cyclopentadienyl groups from their natural positions. )WH resulting from cleavage and functionalization of the ansa bridge (Scheme 3). The molecular structure of (Cp Me 2 )( 5 , 1 -C 5 H 2 Me 2 SiMe 2 CH 2 )WH has been determined by x-ray diffraction, as illustrated in Fig. 3 .
A nsa bridges, i.e., substituents that link together two cyclopentadienyl groups, have been shown to exert a profound effect on the reactivity of a metallocene system. For example, we have recently described how a [Me 2 Si] ansa bridge modulates the reactivity of permethylated metallocene complexes (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . In each of these examples, the [Me 2 Si] ansa bridge is merely a substituent that modifies the chemistry of the system due to (i) an inductive effect and (ii) a structural effect that displaces the cyclopentadienyl groups from their natural positions. Here, we report a new ansa tungstenocene system, namely [Me 2 Si(Cp Me 2 ) 2 ]WX 2 § , in which the [Me 2 Si] bridge does not simply serve the role of a substituent, but is a reactive functionality that enables the formation of new metallocenes derived from cleavage of the silicon-cyclopentadienyl bond. Since ansa metallocenes are widely used as catalysts for stereospecific olefin polymerization and enantioselective transformations, the cleavage reactions observed here may have relevance to degradation reactions that result in loss of selectivity of such systems. Furthermore, consideration of the related permethylated system, {[Me 2 Si(Cp Me 4 ) 2 ]M}, indicates that the site preference for metalation of a ring methyl group depends on the nature of the metal center.
Results and Discussion
Previous studies of ansa tungstenocene complexes that incorporate [Me 2 Si] bridges have focused on ligands that feature a rather limited number of substitution patterns, namely [Me 2 Si(Cp) 2 ]WX 2 (11, 12) (3, 4) . However, ansa tungstenocene compounds that possess only two alkyl substituents on each ring have not been reported. We are specifically interested in developing the chemistry of ansa tungstenocene compounds in which each cyclopentadienyl ring possesses methyl substituents in only the 3 and 4 positions, [ 2 Si] bridge may be functionalized in this way is a factor that should be considered when evaluating the chemistry of other ansa metallocenes.
Materials and Methods
General Considerations. All manipulations were performed by using a combination of glovebox, high vacuum, and Schlenk techniques under an argon atmosphere unless otherwise specified (25) (26) (27) . Solvents were purified and degassed by standard procedures. 1 H NMR spectra were measured on Bruker 300 DRX and Bruker 400 DRX spectrometers. 1 H chemical shifts are reported in parts per million relative to SiMe4 (␦ ϭ 0) and are referenced internally with respect to the protio solvent impurity (␦ 7.16 for C6D5H; 7.26 for CHCl3) (28). 13 C NMR spectra are reported in parts per million relative to SiMe4 (␦ ϭ 0) and are referenced internally with respect to the solvent (␦ 128.06 for C6D6) (28) . Coupling constants are given in hertz. IR spectra were recorded as KBr pellets or pentane solutions in sealed KBr cells on a Perkin-Elmer Paragon 1000 spectrometer, and the data are reported in reciprocal centimeters.
[Me2Si(Cp Me 2) 2]Li2 was prepared by modification of the method reported in the literature (13) . All other chemicals were obtained commercially.
Synthesis of [Me2Si(Cp Me 2) 2]W(H)Cl.
A mixture of [Me2Si(Cp Me 2) 2]Li2 (4.100 g, 16.00 mmol) and finely ground NaBH4 (0.258 g, 6.83 mmol) were placed into an ampoule, intimately dry-mixed for 30 min, and then cooled to Ϫ78°C. The mixture was treated with THF (125 ml), pre-cooled to Ϫ78°C, followed by a suspension of WCl6 (1.804 g, 4.55 mmol) in toluene (25 ml allowed to warm to room temperature and then heated at 65°C for three days. The volatile components were removed in vacuo and the residue obtained was extracted into pentane (300 ml). The brown pentane extract was concentrated to Ϸ50 ml, resulting in the deposition of an orange precipitate that was isolated by filtration and washed with pentane (2 ϫ 5 ml). The precipitate obtained was dissolved in benzene (5 ml) 01 mmol) and Et2O (25 ml) was added to a solution of LiAlH4 (0.380 mg, 10.0 mmol) in Et2O (25 ml) and placed in a dry ice/acetone slush bath. The mixture was allowed to warm to room temperature and stirred for 9 days. After this period, the volatile components were removed in vacuo and the residue obtained was extracted into pentane (5 ϫ 30 ml). The pentane extract was concentrated to 10 ml and placed at Ϫ78°C, thereby depositing [Me2Si(Cp Me 2) 2]WH2. The mixture was filtered and the precipitate was dissolved in benzene (10 ml), which was lyophilized to give [Me2Si(Cp 603 mmol) and toluene (60 ml) was placed in a dry ice/acetone slush bath and treated with a solution of ZnMe2 in toluene (0.67 ml of a 2.0 M, 1.34 mmol). The mixture was allowed to warm to room temperature and stirred overnight. After this period, the mixture was cooled to 0°C and treated with H 2O (1 ml). The mixture was allowed to warm to room temperature and stirred for 30 min. The mixture was filtered and the precipitate was extracted with pentane (2 ϫ 15 ml). The pentane extracts were combined with the filtrate and the volatile components removed in vacuo. The residue obtained was dissolved in a mixture of pentane (10 ml) and toluene (1 ml) and placed in a dry ice/acetone slush bath for two hours, thereby depositing [Me2Si(Cp 2 atm) , sealed, allowed to warm to room temperature, and stirred overnight. After this period, the volatile components were removed in vacuo and the product was extracted in pentane (5 portions, 80 ml total). The pentane was removed from the extract in vacuo and the residue obtained was dissolved in benzene and MeLi (6 mg, 0.27 mmol) was placed in a dry ice/acetone slush bath and treated with Et 2O (15 ml). The mixture was allowed to warm to room temperature and was stirred for 16 h. The mixture was filtered and the volatile components were removed from the filtrate in vacuo to give (Cp Me 2)( 5 , 1 -C5H2Me2SiMe2CH2)WH as a yellow solid that was crystallized from benzene to give orange cubes (10 mg, 22%). 1 
